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® Radiation polymerizable composition for forming heat-resistant relief structures on 
semiconductors and capacitors. 

(§) A polyamide ester resin containing photopolymerizable 
groups is made more rapidly photopolymerizable and there- 
fore more suitable for forming relief structures on electrical 
devices (such as capacitors, integrated circuits and semicon- 
. ductors) by including therein a radiation-sensitive polymeriz- 
able potyfunaional acrylate compound and an aromatic 
biimidazole photopolymerlzation initiator. On exposure 
through a pattern of a dried film obtained using a solution of 
such composition, photopolymerlzation takes place rapidly 
and efficiently following which developing can be effected 
^ and the photopolymerized material baked to leave a heat- 
resistant polyimide structure. 

00 



o - 



Q. 
UJ 



Croythm Pnmng Company LW. 



0047184 

-'1 - ' . 

RADIATION POLYMERIZABLE COMPOSITION FOR FORMING HEAT- 
. RESISTANT RELIEF STRUCTURES ON ELECTRICAL 
DEVICES SUCH AS SEMICONDUCTORS AND CAPACITORS 

This invention relates to an improved 
polymeric heat resistant photopolymerizable compositicwi 
useful for forming relief structures oh electrical 
devices such as semiconductors and capacitors. 

Photopolymerizable polymeric ' compositions 
used to form relief structures bri electrical devices 
are well known as shown in U.S. Patents 3,953,877,' 
3,957,512 and 4,040,831 (now U.S. Reissue Patent 30,186). 
These compositions have limited commercial use since the 
radiation exposure time required to phbtopolyraerize 
these compositions is too long for a modern process . 

Exposure times of 1 minute ahd preferably of 
30 seconds or less are needed for an efficient process. 

As will be appreciated from the Examples 
•which follow, the invention provides compositions which 
can be photopoiymerized in a relaitively short time period 
of exposure to radiation'. Compositions according to the 
invention comprise a polyamlde ester resin containing 
■ photopolymerizable' groups, a solvent f or the resin; and 
the following additives:- 

- (a) a radiation-sensitive polymer iz able 
■ polyfunctional a:crylate compound, and 

• (b) ah aromatic bisimidazble'photopciiymerization 

initiator. 

' ■ ■ ■ The radiatiori polymerizable compositions of 
the invention" can be used to f 6rm rVrief istructures on 
electrical devices "such "as capacitors and semiconductors. 
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In practice, a solution of the composition is applied 
to a substrate such as a silicon wafer coated with a 
silicon dioxide layer and dried to form a film on the 
substrate. The film is then image-wise exposed. to 
radiation through a pattern and photopolymerized to 
form a xelief image structure. The unexposed and 
unpoiymerized part of the film is dissolved off with 
a develop.er solution. The resulting relief structure 
is b^ked to remove the photopolymerized material. and 
to form a polyimide structure which has been found to have 
a sharp definition and to have good mechanical, chemical ■ 
nnd electrical properties.. 

..To reduce radiation exposure time and 
inc^rease the. rate of photopolymerization, the composition 
of the invent ip.n conveniently comprises about .5-30% 
by .weight, based on the weight of resin, of radiation 
sensitive. poJLymeriza.ble polyfunctional aery late compound 
q.nd ..about. 0..5-1.5^ by .weight, based on. the weight of the 
resin, , of:., aromatic, bisimidazole photopolymerization 

initiatpr... 

, V .The. radiation sensitive polymerizable poly- 
functional acrylate compound may, "for example, be as 
fallows:.-- trimethylol propane trimethacrylate, trimethylol 
propane, triacrylate, trimethylol propane ethoxylate 
trimethacrylate, .trimethylol . propane ethoxylate triacrylate, 
trimethylol propane polyethoxylate trimethacrylate, trimethylol 
propane polyethoxylate triacrylate, pentaery thritol 

A^^-^P^y^.^"^^-' Polyethylen.e glycol diacrylate, triethylene 
glyc.ol diacrylate, pplethylene glycol dimethacrylate , 

.polymethylene diacrylate ,pplyraethyiene dimethacrylate, 
irrimethylene glycol dimethacrylate or .a' mixture of two or 
mpTf thereof. Preferred are trimethylol propane polyethox- 

.y'^^'^. -^^^CTylsite .having a weigbt average molecular weight 
of about 500-1500 (all molecular weights referred to herein 
'■i.re determined by gel permeation chromatography) as well 
•i.s trimethylol propane ethoxylate triacrylate, pentaerythritol 
triacrylate, polyethylene glycol diacrylate, triethylene 
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glycol diacrylate, polyethylene glycol d imeth aery late , 
polymethylehe diacrylate, polymethylene dimethacrylate, 
and trimethylene glycol dimethacrylate. 

It is possible to obtain improved results , 
i.e., shorter polymerization times compared to prior art 
compositions, without the use ol the abbve polymeirizable 
polyfunctional ac-rylate compounds in the composition. 
For most practical commercial processes, however, the 
presence of the polyfunctional acrylate compounds is 
highly preferred. 

Typical aromatic biimidazole photo-polymerization 
initiators are disclosed in U.S.- Patents 3 ,479 ,185 and 
3,784,557. 2 , 4 , 5-Tri( optionally substituted) 'phenyl 
. imidazblyl dimers having an or tho substituent oii the 2- 
phenyl ring' are particularly useful. Typical initiators 
of this type are 2-o-chlorophehyl-4\5-^di( optionally 
substituted)phenylimidazolyl dimer , 2-( o-f luoropheny 1 ) 
-4 ,5-di(optionally -substituted*)phenylimidazolyl dimer , 
.2-(o-methyoxyphenyl)-4', 5-di( optionally 'substituted) 
phenyliraidazdflyl dimer.. .. r . . . r; 

Particularly preferred are " • 

bis(2-o-chlorophenyl-;4 ,5^diphenylimidazoryr) dnd ■ 
bis f2-o-chlorophenyl-4 ,5-da-(methoxypheD5'l) imidazbly l3 
(e.g. the. 4 ,5-di(-m-methoxyphenyl)imidazolyl compound) , 
since they are stable and are; excellent photopolymerization 
initiators.. ; ^ ■ 

Hexaaryl biimidazoles as disclosed ih^ U.S. 
; Patent- 3 ,552,973. may also be -used as initiators in composition 
according to the ..inve.nti;on. • ■ ■- " 

.To enhance the photopolymerization, other 
. pho.t.oinitiators. and photosensitizers -in-ajiiountls of about 
^0.1-1.0%. by weight," based on the weight of 'the' resin , 
: can be used in the composition. Typically usef ill • photo- 
' sensitizers and initiators include "aromatic ketones such 
- as tetramethyldiamino benzophenone, benzophenone^ lilichlcr's 
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ketone (4,4 '-bis (dimethylamino) benzophenonej , 
4,4 '-bis (diethylainino) benzophenone , 
4-acryloxy-4 '-diethylaminobenzophenone, 
4-inethoxy-4 '-dimethylaminobenzophenone, 
2-ethylanthr aguinone, phenanthraguinone, 
2-t-butylanthraguinone, 1,2-benzanthraguinone, 
^,3-ben2anthraguinone, 2 , 3-dichloronaphthoguinone, 
benzil dimethyl ketal, and other aromatic ketones 
such as disclosed in aforementioned U.S. Patent 3,552,973- 
benzoin, benzoin ethers such as benzoin methyl ether, 
benzoin, ethyl . ethei:, benzoin isobutyl ether, and 
benzoin phenyl ether, methylbenzoin, ethylbenzoin and 

. other ^benzoins . . • 

. <, , It is possible to use combinations of both - 
.photosensitizer . and photopolymerization initiators. 
Generally, .the photopolymerization time is longer: 
the photosensitizer is not added. ■'rn 
.It is preferred .to have a compound present'-" 
.that .Ghang.es color when polymerization is complete^- 
.and that is ra hydr.oae.n- donor .that provides a r^pid - 
start for. -polymerization. Leuco dyes ca.n. be used for these 
purposes, such as those disclosed .in' aforementioned D.-S. Patent 
3,552,973 (col. 6, line 6. to col.. 11,-line 9). TypicJally 
useful leuco dyes are alkylaminoraromatic alkanes- such as 
tris(.diethy.lajnino:^p-tolyl) methane, tris(dimethylkmino-o 
-xylyl) methane: ;and •.t.risCdipropyliajnino-o-tolyl)^ methane . 

. \- - , : pho.topoli'merizable resin Used -in--the 
composition can be any type of resin that contains 
olefinic ur^saturatjed groups that lare- photopolymerizable 
a^d that ..\yill ; form a polymer with good -thermal , electrical 
and chemical properties .. . Polyamide ester :r'es ins are 

, particularly usef.ul. These '.resins . are fprepared according 
*^?rt?.?^ ^^PTeir^ehtioned, U.S.; :Re:issue: Patent 30,186 wherein 
an aromatic poly carboxylic acid anhydride, is eVterified 
with a. .hydroxy alkyl acrylate .pr. roethacrylatfe which is then 
reacted with di amines. Typical aromatic poly carboxylic acid 
anhydrides-.and diamines are. disclosed in D.S. Patent 3,179,614. 
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Typical hydroxyalkyl acrylates and 
methacrylates are as follows:- hydroxyethyl acrylate, 
hydroxypropyl acrylate, hydroxybutyl acrylate, hydroxyethyl 
methacrylate , hydroxypropyl methacrylate and hydroxybutyl 
methacrylate. 

Typically useful poly amide ester resins have 
the following structure:- 



-C — .R.- N - R2 - 



SrI . 

where the — > denotes isomerism, R xs an aromatic 
radical,- R^ is an organic radical containing a 
photo polymer izable olefinic double bondy R . .is an 
aromatic, aliphatic or cycloaliphatic radical and n 
is a positive integer sufficiently "large to provide 
the resin -with a weight average molecular weight of 
about 5,000 to 75,000: ; ■ - 

One particularly useful polyamide ester 
resin is the reaction product of pyroimellitic -dianhydride, 
hydroxyethyl methacrylate and- bxydianil in e;- having in 
particular ■ a weight -average -mdlecular .weight of about 
15,000-60,000. -. - - 

Typical solvents that can be used" alone or 
. in combinatiori to dissolve the polymer, and to dilute 
the composition to an-application -viscosity are 
■N-methyipytrolidone, "fcutyr61act6ne,' -ethylene glycol 
•monoethyl ether, dimethyl formamide , -dimethyl 
' . acetamide and ^hexamfethylphosphoric -acid tr-iamide. 

• " Preferably," the ''composition contains about 
■ " 10-40 percent by weight, based' on the weight of the 
■• composition, of polyamide -ester resin containing 
photopolymerizable groups and kbout 60-90 percent 
• by weight, based on the weight of the composition, 
of a solvent for the resin. 
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Blends of these solvents with a nonsolvent 
can be used as a developer solution to remove resin . 
that was not exposed to radiation and not polymerized. 

Typical developer solutions are 
4-butyrolactone/toluene in a weight ratio from 2/1 to 
1/4/ dimethyl f ormamide/ethanol in a weight ratio 
from 2/1 to 1/4. 

Plasticizers can also be added to. the 
composition in amounts of 0.1-10% by weight,- based on 
the weight of the resin. Typical plast'icizers are 
tricresyl phosphate, dioctyl phthalate, dihexyl 
phthalate, dinonyl phthalate, polyethylene glycol 
ethers and ethylene glycol dicaprolate. 

In applying the composition 
to substrates, the composition is applied and then 
dried .to form a film at about 30 to l6o.°C for about 
2 Q minutes to:. 5 hours. The film is then . exposed:::, 
through a; pattern; for about r second .to 5 minutes,; : 
Preferably:,, for a ..commercial process exposure times -r 
of 1-60 ;seconds ..are- required, and usually an exposure i 
■.time .under. .30 seconds is much preferred. Typical*; 
radiation sources used are . ultraviolet lamps 
providing a- wave length . of 250 to 400 nanometers...and 
-an [ intens.ity of 0 . 5-60 -milliwatts- per- square 
•centimeter (mW/cm^) . . -After .-exposure, • the film is. / 
then-:. dipped or. sprayed, with a developer solution, 
washed with a nonsolvent and then dried. The film is 
.cured to ^a polyiraide relief structure by baking at 
about 200-4.00''C for about"- 20 .minutes •• to . 4 hours. 
-Dur-ing-euring all th,e .acrylate components, are 
decomposed aleaying, a polyimide stru.cture. , 
.The :result;ing- relief -structure- has , a sharp, definition 
-and- go.qd .chemical -electrical -and mechanical properties. 
=- - ■ .. .- . :. . Typical uses f or the. composition are as 
follows -protective coatings for semi-conductors, 
dielectric layers for multilayer integrated circuits, 
Jiigh temperature solder mask, bonding multilayer circuits 
-and as a final passivating coating on .electrical devices. 



0047184 



The following Examples Illustrate the 
invention. All parts and percentages are on a weight 
basis and molecular weights are determined hy gel 
permeation chromatography. 

EXAMPLE 1 ^ 

(i) • nom position A drains 

10.00 

Polyamide ester resm . . . • 

. (polymer of pyromellitic 

dianhydride and esterified 

vith hydroxy ethyl methacrylate 

and reacted with 4 , 4 '-oxydianiline 

and having a weight average molecular • - 

weight of about 25,000 prepared ... 

according to Example 2 of above _ 

U.S. Reissue Patent 30,186) - 

Bis {2-o-chlorophenyl-4 , S-dipheriyl^midazolyl) 

Michler 's ketone (tetramethyl ; 
. : diaminobenzophenone) ^ 

Tris (diethylamino-o-tolyl)methane . 
■ Trimethylol propane poly ethoxylate . 
triacrylate having, a weight average 
molecular weight of about 1200 

Nrmethylpyrrolidone 

Total 43.20 

The above constituents are charged into -a. 
container! The container is placed on a roller and 
mixed for about 2 hours and then the resulting composition 
is filtered through a 1 "micrcin filter.' ^ 

A 2 inch (approximately SOimii) diameter silicon 
wafer having . a silicon dioxide coating is coated with an 
aminos ilane adhesion "promoter soiutiori By -a spin coating 
l^echnique wherein the wafer is rotated at 3000 rpm for 
30 seconds after the adhesion promoter solution is applied. 
The wafer is then placed at 300°C for 10 minutes. The 
above prepared Composition A is thinned as follows:- 10 
parts Composition A to 1 part thinner (ethylene glycol 
monoethyl ether /N-roethyl pyrrolidone - 1/1 weight ratio) 



0.70 
0.25 



0.25 
2.0 



30.00 
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and the thinned composition is applied by the above 
spin coating technique using 3000 rpm for 10 seconds. 
The composition is exposed to infrared (IR) light during 
the spin application. The coating of Composition A 
is then dried for 2 hours at 55°C to provide a film about 
12,500 Angstroms thick... The" coated wafer is placed 
in a contact printer having a 200 Watt ultraviolet (UV) 
light source of 356 nanometers (nm) and an intensity 
of about 5-6 mW/cm^ using a mask with lines spaced 4 
microns apart and exposed for 5 seconds. The wafer is 
then developed by dipping the wafer for 10 seconds in 
a 1/1 solution of 4rbutyrplactone/toluene and then 
rinsed for 5 seconds, with a spray of toluene to 
remove any unexposed composition; . The wafer then is 
cured at 300*0 for 1 hour to provid^ a relief 
structure about' 4,500 Angstroms thick. 

Additional.-, silicon wafers, are. prepared using 
the above procedure extept the following exposure 
times are used: ^ 10 ..seconds , 15 seconds, .20 seconds, 30. 
seconds 45~sbconds and 60 seconds . Exposure times? 
of 10, 15 and; 20 seconds result in clearly defined^ 
images which are acceptable but longer exposure times 
of 30, 45 and 60 seconds result in poorer images due 
to over exposure. 

Additional silicon wafers are prepared using 

th.e above identical procedure except the following 

developer compositions are used:-' 

.4.-butyrolactone/toluene" in the following weight ratio 
1/1.2, _ 1/1 A and" 1/1'. 6. All developers were adequate 
and gave an acceptable product. ' 
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(ii) Composition B which is representative of 

known compositions, is prepared as follows: 

■ Grams 

polyamide ester resin 128.6 
(described above) 

N-phenyl tnaleimide -6.4 

Michler's ketone ,2.60 

N-methyl pyrrol idone 

Total 437.6 

The constituents are mixed together using 
the same procedure as described above for Composition A 
and a silicon wafer is coated ^yith the a.bove adhesion 
promoter and with Composition B, both, using the spin 
coating and drying procedures described above for 
Composition A. The coated wafer then is exposed as 
^ above (10,15,20,30,45 and 60^ seconds) to the UV light 
source as used in Part (i) .and developed using 1/1 
ratio 4-butyrolactone/tolUene developer .solution. 
The coating is then cured as described in (i). An 
underexposed unacceptable relief structure is 
formed. Exposure time "to the light- source had to be 
increased to. 3.5 minutes •..before; ah acceptable image 
was formed. 



EXA^iPLE 2 



Grams 



Polyamide ester resin . .. . " 3.000 

(described in Example 1) . . :. ; . ■ ' ; 

Bis I2-o-chlorophenyl-4 , 5- • ^. . . ; 0.200 

di (methoxyphenyl) imidazolyl]' ,. .r rw... 

Michler's ketone . - 0.070 

Tr is (diethylaroino-o-tolyl) methane ' 0.054 

N-methyl pyrfolidone 12 . OOP 



.Total 



15.324 
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The above constituents are mixed together 
using the same procedure as in Example 1 and the 
resulting composition is coated onto a silicon wafer 
primed with an adhesion promoter as described in 
Example 1 using the same coating and drying procedure 
as in Example 1. The coated wafer then is exposed 
for 4.0 minutes to an ultraviolet light source of 
intensity 1.1 mW/cin , developed, rinsed and cured as 
in Example 1 to provide a coating with an excellent 
clear image. 

• . .9°™P°sition B of Example 1 is applied as 
above and exposed to the same light source for the 
-same time-, ' developed and cured as above. An 
underexposed unacceptable image is formed.- Exposure 
times had to-be increased to about 5-7 minutes to*" 
forni' an 'acceptable iinage. " 
■ . \. . ■: ' y " EXAMPLE 3 

The Ifollowing compositions are prepared by 
mixing the constituents as in Example 1: 

Compos i t ion C D E p 

' • . . . . (grams) 

Pdiyamide ester resin - 10.0 - 10.0 10.0 10 0 

.(described, in Example 1) .. 

-Bi§ (2-o-<:hloro'phenyl-4 V 5- 0.7- o;?' " 
diphenyl imidazolyl) ..... 

Michler 's .ketone • 0.25 0.25 0.2 0.2 

Benzophenone _ _ qq -0 8 

Tris (diethylamino-o- - ' • • 0.20 - 0.20 - _ 
tolyl) methane - . 

Trimethylol propane. ■ — • 2.0 - - 2.0 
tr imethacrylate ■ ■ : ■ " • .' - - . 

.Trime thiol propane " 2;0 • - 2 0 

triacrylate 

N-roethyl pyrrolidone 30 30 30 30 

Thinner (ethylene glycol 10 10 10 10 

monoethyl ether/I'J-jaethyl 
pyrrolidone 1/1 ratio) 
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The resulting compositions are each coated 

onto a silicon wafer primed as in Example 1 with an 

adhesion promoter using* the coating and baking 

procedure of Example 1. Each of the coatings 

are then exposed for 1 minute using a. 200- Watt light 

2 

source having a surface intensity of l.lmW/cm in 
the contact printer. Each of the coated wafers is 
developed in a 1/3 ratio 4-butyrolac'tone/toluene 
developer solution- for 20 seconds, ' rinsed for 10 
seconds with toluene and cured as in Example . 1. All 
wafers have acceptable - images. . The- wafer made with 
Composition D has the best and roost clear image. The 
wafer made with CompositionAC has' the next best image. 
The image on the "wafer made with Compos It ion F is 
slightly better than the image on the wafer made 
with Compos it ion. E:.; , 

Composition B of Example 1 is: coated onto a 
silicon wafer primed as in Example. 1 using the above 
procedure. A 1 minute exposure time gave an 
underexposed unacceptable image'. Exposure times had 
to be increased to about 5-7 minutes to -provide a 
clear and distinct image on the wafer. 
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CLAIMS 

1. A radiation polymerizable composition 
comprising a polyamide ester resin containing photo- 
polymerizable groups, a solvent for the resin, a radiation- 
sensitive polymerizable polyfunctional acrylate compound 
and an aromatic bisimidazole photopolymerization 
initiator. 

. : . 2. A composition as claimed in .Claim 1 
whecrein.;the polymerizable polyfunctional acrylate compound 
is present in.- an. amount of 5-30% by weight; based on the* 
weight of the resin, and the photopolymerization initiator 
is present in. an. amount of 0.5-15% by weight,- based on 
the weight- of the. resin . . 
• - . . - r .3. A. composition- as claimed in Claim 1 or 
^Claimv2 wherein the polyamide ester resin: has the following 
structure:-^ ■ . 




.^wherein > rdenotes -isomerism,- R .is an aromatic-- 
radical, .R^. is an .organic radical containing., a photo- *-* 
polymerizable -olefinic ..bond, R^' is an aromatic, aliphatic 
or cycloaliphatic radical and n is an integer sufficiently 
large to provide the resin with a weight average molecular 
weight of about 5,000 to 75,000 determined by gel permeatio 
chromatography . 

4. A composition as claimed in Claim 3 
wherein the polyamide ester resin has the structural 
formula (I) in which R is the residue ^ CCqR^)"^ of 
pyromellitic dianhydride, R^ is the residue of hydroxyalkyl 
methacrylate or hydroxyalkyl acrylate and -NH-R^-NH- is 
the residue of an aromatic diamine. 

5. A composition as claimed in any 
preceding claim wherein the polymerizable polyfunctional 
acrylate is trimothylol propane triroethacrylate , 
trimethylol- pi opane triac} ylale , trimethylol propane 
ethoxylate trimethacry] ate , trimethylol propane ethrr.y] ate 
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triacrylate, trimethylol propane polyethoxylate 
trimethacrylate , trimethylol propane polyethoxylate 
triacrylate, pentaerythritol triacrylate, polyethylene' 
glycol diacrylate, triethylene glycol diacrylate, 
polyethylene glycol dimethacrylate , polymethylene 
diacrylate, polymethylene dimethacrylate, trimethylene 
glycol dimethacrylate or a mixture of two -or more 
thereof. - . r - 

6. A composition as claimed in any 
preceding claim wherein the photopolymerization 
initiator is bis(2-o-chlorophenyl-4 , 5-diphenylimidazolyl) 
or his C2-o-chloro-phenyl-4 ,5-diCmethoxyphenyl)imidazolyi;-. 

.7. A composition as claimed in any 
preceding claim and. including 0.1-10% by weight, based 
on the weight of the resin, of a leuco dye. 

8. A composition as claimed- in- Claim 7 

in .which the leuco dye is, an alkyl arainp-aromatic .alkane. 

9. A composition as claimed in any preceding 
claim and including 0 ,1-10% by weight , based on the 
weight of the resin, of a photosensitizer; (in, addition 

to the initiator) . ... . •'. 

10. A composition as claimed in any 
. preceding claim, wherein ; the polyami4e est e.r resin is 
the product of . esterif ying .pyromelliti.c dianhydride 
with hydroxy ethyl roethacrylate and reacting the. 
resulting ester .with oxydianiline ; the po.lyfunctional 
.. acrylate compound .is ; trimethylol propane polyethoxylate 
: . r having a- weight average molecular weight of about 500- 
1500; the. photopolymerization initiator is bis(2-o- 
. chlorop.heny.1-4 ,5-diphen3aimidazolyl) ; and the 

• compQsitipn contains about 0.1-10% by weight ..-based ' 

. on- the weight .of the resin , of. t^isC diethylamino-o-tolyl ) 

• .methane... and about .0,1-10%. by weigh.t, based-pn.-jthe weight 

of the resin, of tetraraethyldiamino benz.ophenone 
...photosensitizer, ■ . , 

11. A composition as^ .claimed in any one of 
claims 1 to 9 wherein the poly^id^ ester is the product 
of esterifying pyromellitic dianhydride with hy dr.oxyethy 1 
methacrvDa-te and reacting the resulting ester with 
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oxj'dianiline; the poly functional aery late is triinethylol 
propane trimethacrylate or trimethylol propane triacrylate; 
the polymerization initiator is bis(2-o-chlorophenyl-4 ,5- • 
diphenylimidazolyl) ; and the composition contains about 
0.1-10% by weight, based on the weight of the resin , of 
tris( diethyl amino-o-tolyl ) methane and about 0.1-10% 

• by weight , based on the weight of the resin , of 
tetramethyl diamine benzophenone photosensitizer . 

12. An electrical device coated with a 
polymerized polyimide structure layer resulting 
from the' composition of any preceding claim. 

13. The electrical device of Claim 12 which 
iis a capacitor, semiconductor, multilayer circuit or 

• an -intiegrated circuit. 

14. A radiation polymerizable composition 
comprising a polyamide ester resin containing" photlD- 

• polymerizable groups,- a solvent -for the resin and%n 
aromat i c bisirod diazble photopoljTnerizatio.n initiator . 

15. - A composition as claimed in Claim '14 
■'Wherein- the -resin has the structural formula defined 

in Claim 3 or Claim 4. ; 

• ' -16^ A composition as claimed in Claim*.»15 
wherein 't-he polyamide ester resin is the. product #f 
■esterifying.-pyromellitic dianhydride with hydroxyethyl 
raethaGrylate arid reacting the resulting- ester with 
oxydianiline ; the ^photbpolymerization initiator is 
b is ^2- o^ch 1 dr oph e ny 1 - 4 5- d it m e'thoxypheny 1 ) inj i dazo 1 y ll ; 
and the •compositi&n-' contains about 0.1-10% by weight 
of a tetraro^thyldiamino benzophenone photosensitizer. 

• -17. A radiatiohr-poljTnerizable composition 
comprising a polykmidfe ester resin containing photo- 

^ polymerizable- groups., = -aP solvent for the resin-, -a photo- 
initiator'- and: a polyme-rizable polyfunctibnal "acrylate 

'''compouh'd. * "* ■ . : . ■ ; . 

18. A composition as claimed in Claim 17 
wherein the" polyf unctiona:! acrylate compound is present 
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Ih an amount of from 55 to 30S by weight based on the 
weiBht of the resin. 

19. A method for the formation of a relief 
structure on an electrical device which method comprises 
applying to the substrate of the device a solution of a 
radiation-sensitive polya«,lde ester resin composition 
containing CD said resin, (ii) a radiation-sensitive 
polymerizable polyfunctional acrylate compound and 
Uil) an aromatic blsimidazole photopolymerization initiator- 
drying the composition; exposing the composition to radiation 
through a patter, dissolving unradiated portions; and baking 
the resulting relief structure to form a heat- resistant 
polyimide . structure . . 
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